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,QWURGXFWLRQ
$Q XUEDQ VSDFH LV D SODFH ZKHUH SHRSOH FRQFHQWUDWHG VR WKDW WKH SODFH ZLOO EH D FRQFHQWUDWLRQ RI PDQ\
HQYLURQPHQWDOSUREOHPV2QHRI WKHFUXFLDOSUREOHPVLV WKHLQFUHDVLQJRIXUEDQPLFURWHPSHUDWXUHWKDWFDXVHGE\
PDQ\KLJKGHQVLW\EXLOGLQJVDQGYHKLFOHVFLUFXODWLRQV:KHQWKHWHPSHUDWXUHEHFRPHVKLJKHUWKHQHHGDQGFRVWIRU
HQHUJ\EHFRPHVKLJKHU WRR:KHQ WKHHQHUJ\VWLOOGHSHQGVRQ IRVVLOIXHOJHQHUDWRU LWFDQFDXVH WKH LQFUHDVLQJRI
JUHHQKRXVHJDVHPLVVLRQ6RWKHWHPSHUDWXUHZLOOEHKLJKHUDQGKLJKHUZLWKDOOWKHLPSDFWV7KXVWKHLQFUHDVLQJRI
XUEDQWHPSHUDWXUHVKRXOGEHPLWLJDWHGVRLWFDQSUHYHQWWKHZRUVWGDPDJHRIWKHHQYLURQPHQW
,Q PDQ\ FLWLHV RI WKH GHYHORSHG FRXQWU\ WKH FHQWHU RI KLJKHVW XUEDQ WHPSHUDWXUH LV LQ WKH &HQWUDO %XVLQHVV
'LVWULFW&%'ZLWKKLJKULVHEXLOGLQJV,Q,QGRQHVLDWKHFRPPHUFLDOFHQWHULVILOOHGZLWKVKRSKRXVHV7KHW\SRORJ\
WHQGV WR EH WKH PRVW FRPPHUFLDO EXLOGLQJV EXLOW LQ WRZQV DQG FLWLHV LQ ,QGRQHVLD  7KH VKRSKRXVHV DUH QRW
FRQFHQWUDWHGLQRQHDUHDEXWWHQGWRVSUHDGRXWWRDOOXUEDQDUHDDQGURDGW\SHVLQFOXGLQJDWDQHLJKERUKRRGVFDOH





GHVLJQJXLGHOLQHVDWDOO$OPRVWDOORI WKHDUHD LVEXLOWXS WR6R WKHUH LVQRHQRXJKVSDFH WRJUHHQHU\ ,Q
VRPH FDVHV RI EXLOGLQJ FRYHUDJH ORZHU WKDQ WKHYRLG DUHD LV SDYHG%\ WKH VLWXDWLRQPRVW RI WKHGHVLJQ
HOHPHQWV± WKHEXLOGLQJV URDGSHGHVWULDQSDWKDQG\DUG±EHFRPHKHDWDEVRUEHU)XUWKHUPRUH WKHDEVHQFHRIDQ
DGHTXDWHSHGHVWULDQSDWKDQGYHKLFOHSDUNLQJORWJHQHUDWHDKLJKFRQFHQWUDWLRQRIYHKLFOHFLUFXODWLRQ7KHFRQGLWLRQ
KDVDSRWHQF\WRPDNHWHPSHUDWXUHKLJKHUUHGXFLQJXUEDQWKHUPDOFRPIRUWPDNLQJWKHKLJKHUQHHGVRIHQHUJ\DQG








7RJHW WKDW JRDO RQH RI WKH DSSURDFKHV LV WKURXJK WKH GHVLJQ ERWK IRU EXLOGLQJ DQGXUEDQ VFDOH$KLJKTXDOLW\
GHVLJQ RI D EXLOW HQYLURQPHQW VKRXOG JLYH D SRVLWLYH FRQWULEXWLRQ WR FRPPXQLW\ TXDOLW\ RI OLIH &KDSPDQ DQG
/DUNKDP&$%(7KHEXLOWHQYLURQPHQWKDVWRPDLQWDLQDQGIXOILOOSHRSOHQHHGV0F,QW\UH
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3XUQRPR :DUN DQG:DUN 7KH VKDGRZHG VXUIDFH FDQEHXS WR  R& FRROHU WKDQ WKH
RSHQO\H[SRVHG VXUIDFH 5RELQHWWH7KHFRROLQJHIIHFW LV VLJQLILFDQW VR WKHFRRO FRPPXQLW\PRYHPHQW LQ
VRPH FLWLHV LQ8QLWHG6WDWHV UHTXLUHV DW OHDVW WKUHH WUHHV IRU RQHEXLOGLQJ 5RVHQIHOG HW DO  +RZHYHU WKH
TXDQWLW\RIWUHHVGRHVQRWDOZD\VGHFUHDVHWKHWHPSHUDWXUHZKHQWKHWUHHVEORFNWKHZLQGSUHYHQWLQJLWWRVSUHDGRXW
WKHKHDWDQGWKHQGHFUHDVLQJWKHWHPSHUDWXUH3XUQRPR








7KHUH DUH WZR VWHSV LQ WKH UHVHDUFK 7KH ILUVW VWHS LV WKH DQDO\]LQJ RI WHPSHUDWXUH PRGLILFDWLRQ LQ WKH WKUHH
VKRSKRXVHVDUHDZLWKWKHEXLOGLQJGHQVLW\JUHHQFRYHUHGDQGURRIPDWHULDODQGSDYHPHQWGLIIHUHQFH7KHUHIRUHWKH
VWXG\PHDVXUHV WHPSHUDWXUH LQ WKH WKUHH VKRSKRXVHVDUHD VLPXOWDQHRXVO\ IRU WKUHHPRQWKVDQG WKHQFRPSDUHV WKH
UHVXOWZLWK WKHDYHUDJHFLW\ WHPSHUDWXUH0HDQZKLOH WKHVWXG\FROOHFWV WKHXUEDQSK\VLFDO VWUXFWXUHHOHPHQWV WKDW
UHODWH WR PLFUR WHPSHUDWXUH DQG FDOFXODWHV WKH ZLGWK SURSRUWLRQ RI HDFK IDFWRU 1H[W WKH VWXG\ DQDO\]HV WKH
UHODWLRQVKLS EHWZHHQ WKH WHPSHUDWXUH GLIIHUHQFH DQG WKH ZLGWK RI JUHHQ FRYHU EXLOGLQJ GHQVLW\ DQG URRI DQG
SDYHPHQW PDWHULDO GLIIHUHQFH LQ GHVFULSWLYH TXDOLWDWLYH PHWKRGV EDVHG RQ DQ\ UHOHYDQW WKHRULHV %DVHG RQ WKH
DQDO\VLVWKHVWXG\IRUPXODWHVWKHVKRSKRXVHVXUEDQGHVLJQJXLGHOLQHVWRPRGLI\XUEDQPLFURWHPSHUDWXUH
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5HVXOWDQGGLVFXVVLRQ
3.1. Micro temperature modification in shophouses area 















Roof and pavement material and micro temperature modification  











9DULDEOHV 7KDPULQ 6HWLDEXGL .DWDPVR
7HPSHUDWXUHDYHUDJHR&   
7HPSHUDWXUH0D[LPXPR&   
7HPSHUDWXUHPLQLPXPR&   
6KRSKRXVHW\SRORJ\   
*UHHQFRYHU   
6RXUFH6XUYH\
Vegetation and micro temperature modification 
,QPHWHUVUDGLXVRIPHDVXULQJGHYLFH6HWLEXGL5RDGLVWKHZLGHVWWUHHVFRYHUPWKHQ.DWDPVR
PDQG7KDPULQP7KHZLGHU WUHHV¶FDQRS\LVHTXDO WR WKHORZHUWHPSHUDWXUH7KHVWXG\
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7KH PLFUR WHPSHUDWXUH PRGLILFDWLRQ DOVR UHODWHV WR IODW URRI VKDSH WKH ODUJH SURSRUWLRQ RI ORZ DOEHGR URRI
PDWHULDODQGJURXQGWUHDWPHQW7KHLQFUHDVLQJRIPLFURWHPSHUDWXUHZDVHTXDOWRWKHJUHDWHUSURSRUWLRQRIFRQFUHWH
IODWURRI DVRQHPDLQ FKDUDFWHU RI VKRSKRXVHV7KHPLFUR WHPSHUDWXUHGHFUHDVHV DV VKRSKRXVH GHQVLW\ GHFUHDVHV
7KHPRVWJURXQGWUHDWPHQWIRXQGLQWKHYRLGDUHDRIVKRSKRXVHVGLVWULFWLVDVSKDOW±DORZDOEHGRPDWHULDOEXWWKH
SURSRUWLRQRIWKHPDWHULDOZDVQRWDOZD\VHTXDOZLWKWKHLQFUHDVLQJRIPLFURWHPSHUDWXUH,WGHSHQGVRQWKHKHDW
H[SRVHG RI WKH PDWHULDO 7KH FRQGLWLRQ UHODWHV WR WKH SRVLWLRQ RI VKDGLQJ HOHPHQWV VXFK DV WUHHV DQG EXLOGLQJ
VKDGLQJ7KHVWXG\ LQGLFDWHV WKDW WKH ORZDOEHGRPDWHULDO LVQRW VLJQLILFDQFH LQPDNLQJPLFUR WHPSHUDWXUHKLJKHU
ZKLOHLWLVFRYHUHGZLWKWUHHV,QFRQWUDVWWKHKLJKDOEHGRPDWHULDOPD\JLYHDODUJHUFRQWULEXWLRQWRDKLJKHUPLFUR
WHPSHUDWXUH EHFDXVH RI WKH KLJK UDWH RI KHDWH[SRVHG 7KH GHFUHDVLQJ RI PLFUR WHPSHUDWXUH LV HTXDO ZLWK WKH
LQFUHDVLQJRIJUHHQFRYHUDJH7KHSODFHRI WKHKLJKHVWSURSRUWLRQRIJUHHQFRYHUDJHEHFRPHV WKHSODFHRI ORZHVW
PLFURWHPSHUDWXUH




SULPDU\ REMHFWLYH LV WR SUHYHQW WKH LQFUHDVLQJ RI PLFUR WHPSHUDWXUH DQG WR SURYLGH WKH GHFUHDVLQJ RI PLFUR
WHPSHUDWXUH 7KH XQGHUO\LQJ FRQFHSW RI WKLV LV WKH RSWLPL]LQJ JUHHQ DUHD PLQLPL]LQJ KHDWH[SRVHG VXUIDFH DQG
PLQLPL]LQJDQWKURSRJHQLFKHDWHIIHFWV$OOWKHGHVLJQJXLGHOLQHVIDFWRUVVKRXOGFRQVLGHUWKHEDVLFFRQFHSW,QWKLV













Guidelines for improving the existing shophouse 
7KHUHDUHWZRW\SHVRIWKHFXUUHQWVKRSKRXVHVWREHLPSURYHGWKHILUVWWKH]HURILQLVKOLQHVKRSKRXVHVZLWKQR
IURQW\DUGDQGWKHVHFRQGWKHVKRSKRXVHZLWKIURQW\DUG




ZD\ 7KH LPSURYHPHQW LQFOXGHV WKH FOHDU VHJUHJDWLRQ EHWZHHQ SHGHVWULDQ DQG YHKLFOH FLUFXODWLRQ SDWK
7KXVWKHSDWKEHFRPHVPRUHFRQYHQLHQFHDQGPRUHXWLOL]HG






HPLVVLRQ DQG WHPSHUDWXUH 7KH UHVHDUFK VKRZV WKDW WKH DUHD RI OHVV YHJHWDWLRQ FRYHU EHFRPHV WKH KLJKHVW
WHPSHUDWXUHSODFH7KXVWKHJXLGHOLQHVDUHDVIROORZ
 7KH VKRSKRXVHV¶ IURQW \DUG VKRXOG EH XWLOL]HG DV VKDULQJ SDUNLQJ DV ZHOO DV JUHHQ RSHQ VSDFH ZLWK
DGHTXDWHWUHHV7KHUHIRUHLWLVQRWDOORZHGWRH[WHQGWKHSULYDWHDUHDWRWKHIURQW\DUG
 7KHUHVKRXOGEH OLPLWHGDFFHVV WR WKHSDUNLQJ ORW VR WKH URDGEHFRPHV IUHH IURP WKHSDUNLQJFLUFXODWLRQ
GLVWUDFWLRQ,WLVQRWDOORZHGPDNLQJDQRSHQDFFHVVDORQJWKHHGJHRIWKHURDGWRWKHSDUNLQJDUHD
3.4. Guidelines for the future shophouse design 




DFWLYLW\ VXFKDV FRPPHUFLDOEXVLQHVVZKLFKDWWUDFWV DKLJKYROXPHRIYHKLFOH FLUFXODWLRQ WR WKH VKRSKRXVHDUHD
FDXVHVWKHLQFUHDVLQJRIDQWKURSRJHQLFKHDWVRXUFHV7KHUHIRUHWKHDFWLYLW\DQGIXQFWLRQJXLGHOLQHVIRUVKRSKRXVHV
DUHDVIROORZ







Vehicle access, circulation, and parking 
7KH UHVHDUFK LQGLFDWHV WKDW WKH VKRSKRXVHZKLFKDWWUDFWV WKHKLJKHVWYROXPHRIYHKLFOHKDV WKHKLJKHVWPLFUR
WHPSHUDWXUH7KHPDLQSUREOHPLVWKHDEVHQFHRIDQDGHTXDWHFDUSDUNIDFLOLW\WKDWFDXVHVDWUDIILFMDP,QSUHYHQWLQJ
WKHLQFUHDVLQJRIVXFKDQWKURSRJHQLFKHDWVRXUFHVWKHJXLGHOLQHVDUHDVIROORZ
 7KHUH VKRXOG EH D VHSDUDWH DFFHVV IRU VKRSKRXVH WKDW SODFHG RQ DQ DUWHULDO URDG WR SUHYHQW D PL[OLQH
EHWZHHQWKHQHLJKERUKRRGDQGWKHXUEDQVFDOHYHKLFOH
 7KHVKRSKRXVHVVKRXOGKDYHDQDGHTXDWHGHPDUFDWLRQOLQHDQGIURQW\DUGWREHVSDFHIRUSDUNLQJDQGJUHHQ







 7KHVKRSKRXVHVRI ORQJGXUDWLRQDFWLYLWLHVVXFKDVHGXFDWLRQRUKHDOWK IDFLOLW\ VKRXOGEHHTXLSSHGZLWK
SDUNLQJIDFLOLWLHVVXFKDVEDVHPHQWRUFDUSDUNEXLOGLQJ
 7KH JURXQG OHYHO SDUNLQJ ORW VKRXOG EH IXQFWLRQDOL]HG DV D JUHHQ DUHD ZLWK DGHTXDWH WUHHV DQG ZDWHU
SHUPHDEOHJURXQGWUHDWPHQW

Pedestrian access and circulation 
7KH UHVHDUFK VKRZV WKDWPRVW RI WKH VKRSKRXVHVEXLOGZLWK OHVV DWWHQWLRQ WRKLJKTXDOLW\SHGHVWULDQSDWK7KH
FLUFXODWLRQPRVWO\ LV IRU PRWRUYHKLFOH RQO\ DQG JHQHUDWLQJ HPLVVLRQ 7KHPDLQ SUREOHP LV WKH EDG TXDOLW\ DQG






URDG DVXUEDQSXEOLF VSDFH7KH VHFRQG WKH SHGHVWULDQSDWK LQ IURQWRI VKRSKRXVHV URZDV DQ DUFDGHRU
FRORQQDGHWKDWFRQQHFWHDFKVKRSKRXVH
 7KHUH VKRXOG EH SURYLGHG D KLJKTXDOLW\ SHGHVWULDQ SDWK WR JHW D JRRG LPDJH DV D VDIH FRQYHQLHQFH
SOHDVDQW DQG HQYLURQPHQWDOIULHQGO\ FLUFXODWLRQ SDWK 7KH FULWHULD DUH D VSDFLRXV GLPHQVLRQ WR
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 7KHSXEOLFVSDFHLVVWLOOFDQEHDKHDWVRXUFHZKHQWKHPDWHULDOKDVDORZDOEHGR7KHUHIRUHWKHSODQQLQJ












 7KH JURXQG VKRXOG EH FRYHUHGZLWK WKHZLGHFDQRS\ WUHHV DQG RU WKH SHUJRODV WR SURWHFW LW IURP KHDW
H[SRVHG
 7KHSDWKZD\VSDFHVKRXOGEHRSWLPL]HGWREHDJUHHQZD\7KHUHVKRXOGEHWKHDGHTXDWHWUHHVWRVKDGHWKH















Building design guidelines 
7KH UHVHDUFK LQGLFDWHV WKDW PRVW RI WKH VKRSKRXVHV DUH QRW FRQFHLYHG LQ D FOLPDWHUHVSRQVLYH ZD\ 7KH
XQSURWHFWHGEXLOGLQJHQYHORSHHVSHFLDOO\ WKH URRIDQGHDVWDQGZHVW IDFDGHEHFRPHV WKH VXUIDFHRI WKH VXQVKLQH











7KH UHVHDUFK VKRZV WKDW VRPHXUEDQGHVLJQ HOHPHQWV UHODWH WR WKHXUEDQPLFUR WHPSHUDWXUHPRGLILFDWLRQ7KH
XUEDQGHVLJQJXLGHOLQHVFDQEHXVHGDVDFRQWUROLQVWUXPHQWVWRSUHYHQWWKHORZTXDOLW\VKRSKRXVHVGHYHORSPHQWDQG
WRLPSURYHWKHKLJKTXDOLW\RQHV+RZHYHUWKHLPSOHPHQWDWLRQFDQQRWUXQZHOODORQHZLWKRXWVXSSRUWLQJSROLF\DQG
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±
.LP<HRQ+HH-RQJ-LQ%DLN 0D[LPXP8UEDQ+HDW ,VODQG,QWHQVLW\ LQ6HRXOJournal of Applied Meteorology%RVWRQ  -XQ
9RO,VVS
0DUVK:LOOLDP0Landscape Planning, Environmental Application. 6\GQH\$GGLVRQ:HVOH\3XEOLVKLQJ&RPSDQ\
0F,QW\UH 0RUULV +  $ /LWHUDWXUH 5HYLHZ RI 7KH 6RFLD (FRQRPLF DQG (QYLURQPHQW ,PSDFW RI $UFKLWHFWXUH DQG 'HVLJQ ZZZ
6FRWODQGJRYXNVRFLDOUHVHDUFK
0LKDODNDNRX*LRXO, +HOHQD$)ORFDV; 0DQWKDLRV6DQWDPRXULV; &RVWDV*+HOPLV$SSOLFDWLRQRI1HXUDO1HWZRUNVWRWKH6LPXODWLRQRI




2NH 75  Initial Guidance to ObtainRepresentative Meteorological Observation at Urban Sites. :RUOG0HWHRURORJLFDO2UJDQL]DWLRQ
5HSRUWQR
3RPHUDQW] 0 +$NEDUL $&KHQ +7DKD $+ 5RVHQIHOG Paving Materials for Heat Island Mitigation. /%/ 86
(QYLURQPHQWDO3URWHFWLRQ$JHQF\86'HSDUWPHQWRI(QHUJ\DQG/DZUHQFH%HUNHOH\1DWLRQDO/DERUDWRU\
3XUQRPR $JXV  9HJHWDVL 6XKX 8GDUD GDQ 3ROD 3HQJJXQDDQ 5XDQJ /XDU .DPSXV 8QLYHUVLWDV 7ULVDNWLGDQ ,671. 3URFHHGLQJV
,QWHUQDWLRQDO6\PSRVLXP%XLOGLQJ5HVHDUFKDQG6XVWDLQDELOLW\RI7KH%XLOW(QYLURQPHQWLQ7KH7URSLFV-DNDUWD2NWREHU
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86 (3$ 8QLWHG 6WDWH (QYLURQPHQWDO 3URWHFWLRQ $JHQF\  Heat Island Effect. 
KWWS\RVHPLWHHSDJRYRDUJOREDOZDUPLQJQVIZHESULQWYLHZ"$FWLRQ/RFDO+HDW,VODQG(IIHFWKWPO




:DWVRQ'RQDOG$ODQ3ODWWXV5REHUW6KLEOH\HGTime Saver Standards for Urban Design. 0F*UDZ+LOO1HZ<RUN

